Abstract-We propose a new formulation for the Linke turbidity coefficient with the objective of removing its dependence upon solar geometry. In the process, we also develop two new simple clear sky models for global and direct normal irradiance. 
INTRODUCTION
ible with the original formulation at air mass 2, but roughly independent of the air mass. The first The derivation of the ground solar radiation step in this process was to modify existing beam components on a large geographic and temporal irradiance clear sky models in order to better take scale requires the knowledge of the clear sky into account the radiation's dependence with the atmospheric transmittance on the same scales. altitude of the considered station and the solar This information can be obtained via utilization of geometry. The new turbidity factor is then derived well known turbidity coefficients as for example by inversion of the beam clear sky radiation the Linke turbidity coefficient, or from radiation model. transfer models with the aerosols and water vapor optical thicknesses as input parameters. The former can be derived from beam radiation mea-
THE LINKE TURBIDITY COEFFICIENT
surement networks and interpolated to create 2.1. Historical context maps, the latter quantities are not measured in automatic networks, and hypotheses on the nature Linke (1922) proposed to express the total and quantity of the aerosols have to be made in optical thickness of a cloudless atmosphere as the order to use them as an input. In the frame of product of two terms, d , the optical thickness of cda solar radiation applications, a broadband turbidity a water-and aerosol-free atmosphere (clear and ] coefficient is more appropriate and easier to dry atmosphere), and the Linke turbidity coeffi-] ] implement. The Linke turbidity coefficient T has L cient T which represents the number of clean and L the advantage to be widely used since 1922 dry atmospheres producing the observed extinc- (Linke, 1922) to quantify this information, but has tion: the disadvantage to be dependent on the air mass. atmosphere free of clouds, water vapor and aerosols, which he computed from theoretical sensors (Bason, 1997 Langley plot for the afternoon of that day and for l5500 nm. The linearity of the Langley plot thus, T represents the number of clean dry L indicates that the quantity of aerosols is relatively atmospheres necessary to produce the observed constant for the considered period in the afterattenuation, resulting from the additional and noon. Ground measurements of the atmospheric highly variable effects of water vapor and humidity show also a good stability in the water aerosols. Obviously, the smallest possible value of vapor content of the atmosphere for the consid-T at sea level should be 1. Feussner In an attempt to improve the formulation, ular scattering and absorption by the stratospheric Louche et al. (1986) and Grenier et al. (1994, ozone 
cda both a clean dry atmosphere and a turbid atmosphere). Based on updated computed spectral data, which is known as Kasten's pyrheliometric for-Louche fitted a fourth order polynomial of the air mula. In this widely used relation, absorption by mass to the optical thickness of a clean and dry the permanent atmospheric gases such as CO , atmospheric clearness and the number of pro-formula by as much as 25% for low values of air cesses accounted for by T greatly hinders the mass. Molineaux et al. (1995) noted that Louche L practical utilization of Linke's formalism. This is and Grenier's expressions for d become dicda illustrated in Fig. 1 for the 10th of August, 1997 vergent, respectively for air mass greater than 20 in Geneva. We used broadband and spectral data and 7. They adapted the coefficients of Linke's acquired on a one-minute time step basis; the original expression to take into account the abspectral measurements are taken with SolData sorption by the permanent gases: Fig. 1 . One minute time step evolution of the Kasten modified Linke turbidity coefficient during the 10th of August 1997 in Geneva (left), and for the same day, the afternoon Langley plot for l5500 nm.
• Albuquerque (NM), latitude 35. Schwartz, 1994) or apply the stringent ARM calibration, characterization and quality check 2.2. Present approach procedure. The quality control procedure deOur approach in the determination of a new air veloped in the frame of the international daylight mass-independent Linke turbidity coefficient is measurements program within the International different. We did not attempt to produce a better Commission on Illumination (CIE, 1994) was formulation of d . Rather, we anchored our cda applied on the data acquired at the other stations. formulation on the Kasten-reviewed Linke turbidity T at air mass 2 and considered it as the LK reference; therefore, at air mass 2, both Kasten's from the 7 data banks, the diurnal shape was well our new formulation is derived from a large set of respected, but, as would be expected, we observed measurements. The behavior of this clean and dry seasonal / regional biases traceable to turbidity and atmosphere optical thickness with the air mass is altitude differences. We introduced the Linke very different; it is empirical, based on exturbidity coefficient T at air mass 2, and a LK perimental measurements and depending on physmultiplicative coefficient b, depending on the ical parameters, it has no analytical correaltitude of the station. We obtained the following spondence to other definitions, but remains within empirical expression for the normal beam clear the same limits as illustrated in Fig. 2 . exp(2altitude / 8000) is taken from Kasten 5.78 circumsolar angle to replicate the aperture of (1984), the altitude is expressed in meters). The standard direct irradiance measurements, we took seasonal trend of T was evaluated with expres-the default values for O and CO absorption Burns, Eugene and Gladstone. 
GLOBAL AND DIFFUSE CLEAR SKY
Another possibility to illustrate the solar geom-MODELS etry stability of the new turbidity factor, is to represent hourly values versus solar altitude for
We introduced these new models mainly for the all sky conditions. The lower boundary in the readers' practical information, as a complement to graphs represents clear sky conditions. In Fig. 6a , the clear sky direct irradiance model. the original Kasten T is represented for data Kasten (1984) proposed the following equation broadband beam radiation measurements and nomenclature) that relate the altitude of the station therefore spatial and temporal maps can be dewith the altitude of the atmospheric interactions rived from meteorological networks. The knowl-(Rayleigh and aerosols).
edge of the turbidity allows a good increase in the This formulation has the advantage to be precision of solar radiation or daylight compoadjustable for local / seasonal prevailing turbidity nents evaluation in experimental applications. and site elevation; it was developed on data from
The new formulation we propose has the Hamburg. When applying it to our set of data, we advantages (1) to be solar altitude independent, observed a solar elevation-(or air mass-) and a and (2) to match to the original Linke turbidity slight altitude-dependence of the model. We factor at air mass 2-and therefore to remain plotted in Fig. 7 
